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(54) Centering mechanism for a power steering control valve 



(57) An apparatus (18) includes first and second rel- 
atively rotatable valve members (60, 62) and a centering 
mechanism (1 20). The valve members (60. 62) are con- 
figured to direct hydraulic fluid between the valve mem- 
bers (60. 62) in accordance with their rotational posi- 
tions. The centering mechanism (120) includes a mov- 
able detent member (126), a spring (142), and a cam 
surface (128). The cam surface (128) is rotatable with 



one of the valve members (60. 62) so as to cam the de- 
tent member (1 26) against a bias of the spring (1 42) up- 
on rotation of the valve members (60, 62) from centered 
positions. The cam surface (128) has a central portion 
(1 30) defining a recess (134) in which the detent mem- 
ber (126) rests when the valve members (60, 62) are in 
the centered positions. The cam surface (128) further 
has a pair of side portions (1 32) on opposite sides of the 
recess (134). 




Fig.4 
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Description 

Fieid of tiie invention 

[0001] The present invention relates to a hydraulic ftu- 
id control vaive for a power steering gear. 

Bacttground of the invention 

[0002] A known hydraulic fluid control valve for a pow- 
er steering gear includes a valve core rotatable within a 
valve sleeve. The core and the sleeve control the pres- 
sure of hydraulic fluid flowing through the valve between 
a punnp, a reservoir, and a pair of opposed fluid cham- 
bers in a hydraulic motor. When the core and the sleeve 
are in centered positions, the hydraulic fluid pressures 
in the opposed fluid chambers are equal. When the core 
and the sleeve are rotated from the centered positions, 
a plurality of lands and grooves on the core and the 
sleeve cooperate to increase the hydraulic fluid pres- 
sure in one of the opposed fluid chambers, and thereby 
to provide hydraulic power steering assist in the steering 
gear. 

[0003] Such a valve may also include a centering 
mechanism. The centering mechanism resists rotation 
of the core and the sleeve from their centered positions, 
and urges them to return to their centered positions. 

Summary of the Invention 

[0004] In accordance with the present invention, an 
apparatus comprises first and second relatively rotata- 
ble valve members and a centering mechanism. The 
valve members are configured to direct hydraulic fluid 
between the valve members in accordance with their ro- 
tational positions. The centering mechanism includes a 
movable detent member, a spring, and a cam surface. 
The cam surface is rotatable with one of the valve mem- 
bers so as to cam the detent member against a bias of 
the spring upon rotation of the valve members from cen- 
tered positions. 

[0005] The cam surface has a central portion defining 
a recess in which the detent member rests when the 
valve members are in the centered positions. The cam 
surface further has a pair of side portions on opposite 
sides of the groove. 

[0006] A centering mechanism constructed in accord- 
ance with the present invention can Junction in two stag- 
es. This feature of the invention is accomplished by the 
configuration of the cam surface. When the valve mem- 
bers are initially rotated from the centered positions, the 
central portion of the cam surface engages the detent 
member so as to cam the detent member outward from 
the recess against the bias of the spring. The restoring 
force exerted by the spring increases at a first rate in 
accordance with the angle at which the central portion 
of the cam surface opposes the restoring force of the 
spring. If the valve members are rotated sufficiently for 



the cam surface to cam the detent member fully out of 
the recess, one of the side portions of the cam surface 
will move against the detent member to cam the detent 
member further against the bias of the spring. The re- 

s storing force of the spring will then increase at a second, 
lower rate in accordance with a greater angle at which 
the side portion of the cam surface opposes the restor- 
ing force. In a hydraulic power steering gear, the center- 
ing mechanism can thus function in a first stage in which 

10 the restoring force increases at a first rate for relatively 
low steering angles, and subsequently in a second 
stage in which the restoring force increases at a second, 
lower rate for relatively greater steering angles. 

IS Brief Description of the Drawings 

[0007] Further features of the present invention will 
become apparent to those skilled in the art to which the 
present invention relates from reading the following de- 
20 scriplion with reference lo the accompanying drawings, 
in which: 

Fig. 1 is a view of a vehicle steering apparatus com- 
prising a preferred embodiment of the present in- 

2S vontion; 

Fig. 2 is a view of parts of the apparatus of Fig. 1 , 
with certain parts being shown in section and with 
other parts being shown schematically; 
Fig 3 is a view similar to Fig. 2 showing parts In 

30 different positions; 

Fig. 4 Is a sectional view of parts of the apparatus 
of Fig. 1: 

Fig. 5 is a view taken on line 5-5 of Fig. 4; 
Fig. 6 is an enlarged partial view of parts shown in 
3S Fig. 4; 

Fig. 7 also is an enlarged partial view of parts shown 
in Fig. 4, with certain parts being shown in different 
positions; and 

Fig. 8 Is a view similar to Fig. 7 showing parts In 
40 different positions. 

Description of a Preferred Embodiment 

[0008] A steering gear 1 0 comprising a preferred em- 
45 bodiment of the present invention Is shown in Fig, 1 . The 
steering gear 10 Is a hydraulically-assisted rack and pin- 
ion steering gear including a housing 12, a steering rack 
14, and an input shaft 16. As shown schematically in 
Fig. 1 , the steering gear 10 further includes a hydraulic 
so fluid control vaive 18 which is contained in the housing 
12. 

[0009] The rack 14 extends longitudinally through a 
lower portion 20 of the housing 12 along a horizontal 
axis 21 , and is supported for movement relative to the 
ss housing 12 along the axis 21. When the steering gear 
10 is installed in a vehicle, the opposite ends (not 
shown) of the rack 1 4 are connected to steering linkages 
which, in turn, connect the steering gear 10 to a pair of 
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steerable vehicle wheels. The input shaft- 16 projects 
outward from an upper portion 22 of the housing 12 
along another axis 23. and Is rotatable about the axis 
23 in response to rotation of the vehicle steering wheel. 
[0010] Other parts of the steering gear 10 include a 
pinion gear 24 and a piston 26. The pinion gear 24 Is 
connected with the input shaft 16 by a torsion bar 28. 
and is supported for rotation about the axis 23 In mesh- 
ing engagement with a row of rack teeth 30 on the rack 
14. A tubular section 32 of the lower housing portion 20 
functions as a power cylinder. The piston 26 is fixed to 
the rack 14 within the power cylinder 32. A pair of vari- 
able volume hydraulic fluid chambers 34 and 36 are lo- 
cated in the power cylinder 32 on opposite sides of the 
piston 26. 

[0011] The valve 18 communicates with the first 
chamber 34 in the power cylinder 32 through a first two- 
way conduit 40. The valve 18 communicates with the 
second chamber 36 in the power cylinder 32 through a 
second two-way conduil 42. As further shown schemal- 
tcally in Fig 1 . the valve 18 receives hydraulic fluid from 
a reservoir 44 and a pump 46 through an inlet conduit 
48. An outlet conduit 50 exhausts hydraulic fluid from 
the. valve 18 to the reservoir 44. 

[0012] The valve 18 operates in response to rotation 
of the input shaft 16 with the steering wheel. When the 
input shaft 16 rotates with the steering wheel in a first 
direction about the axis 23. it rotates slightly relative to 
the pinion gear 24 The torsion bar 28 flexes to permit 
such rotation of the input shaft 16 relative to the pinion 
gear 24 The valve 1 8 responds to the resulting rotation- 
al displacement by opening hydraulic fluid flow paths 
that extend through the valve 18 from the inlet conduit 
48 to the first two-way flow conduit 40. The valve 18 si- 
multaneously opens hydraulic fluid flow paths that ex- 
tend through the valve 18 from the second two-way flow 
conduil 42 to the outlet conduit 50. As a result, the valve 
1 8 communicates the pump 46 with the first chamber 34 
in the power cylinder 32 to pressurize the first chamber 
34, and simultaneously communicates the second 
chamber 36 in the power cylinder 32 with the reservoir 
44 to exhaust the second chamber 36. A resulting flow 
of hydraulic fluid from the pump 46, and a resulting hy- 
draulic fluid pressure differential acting across the piston 
26, cause the piston 26 and the rack 14 to move to the 
right, as viewed in Fig. 1. along the axis 21. This causes 
the steering linkage to steer the vehicle wheels In a first 
direction. 

[0013] As the rack moves along the axis 21 with the 
piston 26, the pinion gear 24 rotates in meshing engage- 
ment with the rack teeth 30. The pinion gear 24 thus 
rotates about the axis 23 relative to the input shaft 16 in 
a follow-up manner so as to cancel the rotational dis- 
placement between the pinion gear 24 and the Input 
shaft 16. The valve 18 responds by closing the previ- 
ously opened hydraulic fluid flow paths. This equalizes 
the hydraulic fluid pressures acting on the piston 26 in 
the two chambers 34 and 36 in the power cylinder 32. 
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and causes the piston 26 and the rack 14 to stop moving 
along the axis 21. 

[0014] When the vehicle wheels are to be steered in 
an opposite direction, the input shaft 16 is rotated with 

s the steering wheel In an opposite direction about the ax- 
is 23. The Input shaft 16 is again rotated slightly relative 
to the pinion gear 24 upon flexing of the torsion bar 28. 
The valve 18 responds by pressurizing the second 
chamber 36 and by simultaneously exhausting the first 

10 chamber 34. The piston 26 and the rack 14 then move 
axlally to the left, as viewed in Fig. 1 . A resulting follow- 
up rotation of the pinion gear 24 relative to the input shaft 
16 causes the valve 18 again to equalize the hydraulic 
fluid pressures in the two chambers 34 and 36 in the 

75 power cylinder 32. In this manner, the steering gear 10 
steers the vehicle wheels in directions and amounts cor- 
responding to the directions and the amounts of rotation 
of the steering wheel and the input shaft 16. 
[0015] As shown in Fig. 2, the valve 18 includes a 

20 valve core 60 and a valve sleeve 62. Both the core 60 
and the sleeve 62 have generally cylindrical shapes 
centered on the axis 23. The core 60 is defined by a 
section of the input shaft 16 (Fig. 1). The sleeve 62 is 
connected with an upper end portion of the pinion gear 

25 24 (Fig. 1). Accordingly, the core 60 and the sleeve 62 
rotate relative to each other when the input shaft 16 and 
the pinion gear 24 rotate relative to each other. The core 
60 and the sleeve 62 then vary the hydraulic fluid flow 
paths extending through the valve 18 so that certain flow 

30 paths become relatively restricted and certain flow paths 
become relatively unrestricted. Pressurized flows of hy- 
draulic fluid are thereby directed through the valve 18 
between the pump 46 and the chambers 34 and 36 in 
the power cylinder 32, as described above with refer- 

35 ence to Fig. 1 . 

[0016] The sleeve 62 has a radially inner periphery 64 
extending circumferentially around the core 60. The in- 
ner periphery 64 of the sleeve 62 has an undulating con- 
tour defined by a plurality of circumferentially spaced 

40 lands and grooves, f^any different arrangements of 
lands and grooves can be used in a hydraulic fluid con- 
trol valve like the valve 18. For example, the sleeve 62 
in the preferred embodiment of the present invention 
has six lands 71 , 72, 73. 74, 75 and 76 which are equally 

"^5 spaced from each other circumferentially about the axis 
23. The sleeve 62 further has six grooves 81, 82. 83, 
84. 85 and 86, each of which is located circumferentially 
between a pair of adjacent lands. 
[0017] Three Inlet ports 78 extend radially Inward 

50 through the sleeve 62 at the locations of the .first land 
71 , the third land 73, and the fifth land 75. As shown 
schematically in Fig. 2, the inlet ports 78 receive hydrau- 
lic fluid from the pump 46. 

[0018] As further shown schematically In Fig. 2, the 
55 grooves 81-86 on the sleeve 62 communicate with the 
fluid chambers 34 and 36 in the power cylinder 32. The 
first, third and fifth grooves 81 , 83 and 85 communicate 
with, the chamber 36 on the right side of the piston 26. 
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as viewed in Fig. 2. The second, fourth and sixth 
grooves 82. 84 and 86 communicate with the chamber 
34 on the left side of the piston 26. 
[001 9] The core 60 also has an undulating contour de- 
fined by a plurality of lands and grooves. In the preferred 
embodiment, the core 60 has six lands 91-96 and six 
grooves 101-106. The lands 91-96 on the core 60 are 
located radially opposite the grooves 81-86 on the 
sleeve 62. The grooves 101-106 on the core 60 are lo- 
cated radially opposite the lands 71 -76 on the sleeve 
62. Accordingly, the adjacent corners of the lands 71 -76 
and 91-96 define orifices 110 between the grooves 
81-86 and 101-106. Three of the grooves 102, 104 and 
106 on the core 60 communicate with the reservoir 44 
(Fig. 1 ) through corresponding branches of a return port 
system 108 extending through the core 60. 
[0020] When a steering maneuver is not being per- 
formed, the core 60 and the sleeve 62 are located in 
rotationally centered positions, as shown in Fig. 2. Hy- 
draulic fluid then flows from the inlet ports 78 to the re- 
turn port system 108 through the grooves 101-106, the 
grooves.81-86. and the orifices 110. This flow results 
from a pressure drop between the pump 46 and the res- 
ervoir 44, However, there is no pressure differential be- 
tween the chambers 34 and 36 in the power cylinder 32 
when a steering maneuver is not being performed. Ac- 
cordingly, there is no pressure drop between the set of 
grooves 81. 83 and 85 that communicate with the right 
chamber 36 and the other set of grooves 82, 84 and 86 
that communicate with the left chamber 34. The valve 
18 thus has a neutral condition when the core 60 and 
the sleeve 62 are in the centered positions. 
[0021] When the steering wheel and the input shaft 
16 (Fig. 1) are tumed to the right, the core 60 rotates 
relative to the sleeve 62 in a clockwise direction, as 
viewed In Fig. 2. The core 60 thus moves relative to the 
sleeve 62 from the centered position of Fig. 2 to a rota- 
tionally shifted position, as shown by way of example in 
Fig. 3. Six of the twelve orifices 110 are then enlarged, 
and the other six orifices 110 are simultaneously con- 
stricted. This causes the pressure to increase in the set 
of grooves 8 1 . 83 and 85 that communicate with the right 
chamber 36 in the power cylinder 32. and simultaneous- 
ly causes the pressure to decrease in the set of grooves 
82, 84 and 86 that communicate with the left chamber 
34. A small portion of the hydraulic fluid flow from the 
inlet ports 78 to the return port system 108 Is then di- 
verted to the right chamber 36 through the grooves 81, 
83 and 85. An equal flow of hydraulic fluid is simultane- 
ously exhausted from the left chamber 34 to the other 
grooves 82, 84 and 86. The piston 26 and the rack 14 
then move to the left, as viewed in Fig. 3. This causes 
the steering linkages to turn the vehicle whools for a right 
turn. Conversely counterclockwise rotation of the 
sleeve 60 from the centered position of Fig. 2 provides 
hydraulic fluid power for a left turn. 
[0022] The valve 18 further includes a centering 
mechanism 120 (Figs. 4-8). The centering mechanism 



120 acts between the core 60 and the sleeve 62 at a 
location spaced axially from the lands and grooves 
shown in Fig. 2. Specifically, as shown in Figs. 4 and 5, 
the centering mechanism 120 is interposed between an 
5 upper portion 122 of the core 60 and a terminal upper 
end portion 124 of the sleeve 62. 
[0023] The centering mechanism 120 includes a pair 
of movable detent members in the form of steel balls 
126. The centering mechanism 120 further includes a 
pair of cam surfaces 1 26 which are formed on the upper 
portion 122 of the core 60 at diametrically opposed lo- 
cations. As shown in the enlarged view of Fig. 6. each 
cam surface 1 28 has a central portion 1 30 and a pair of 
opposite side portions 132. The central portion 130 of 
each cam surface 1 28 has a trough shaped contour de- 
fining an axially elongated recess 1 34. The side portions 
132 of each cam surface 128 are preferably coplanar 
and perpendicular to a line 135 extending diametrically 
across the core 60. However, a cam surface constructed 
in accordance with the present invention could alterna- 
tively have either planar or arcuate side portions that 
diverge from the central portion. Each cam surface 1 28 
further has a pair of arcuate transition portions 136 be- 
tween the central portion 1 30 and the respective side 
portions 132. The balls 126 rest in the recesses 134 
when the core 60 and the sleeve 62 are in the rotation- 
ally centered positions. 

[0024] Other parts of the centering mechanism 120 
include a pilot ring 140 and a C-spring 142. The pilot 
ring 140 is centered on the axis 23. and is mounted Im- 
movably on the terminal upper end portion 124 of the 
sleeve 62. As shown in Fig. 5. the pilot ring 140 has an 
annular lower end surface 144 abutting an annular up- 
per end surface 146 of the sleeve 62. The pilot ring 140 
further has a cylindrical outer side surface 1 50 adjoining 
a cylindrical inner side surface 152 of the sleeve 62 in 
an interference fit. The two balls 126 fit within, and ex- 
tend through, a corresponding pair of circular apertures 
154 in the pilot ring 140. 

[0025] The C-spring 1 42 extends partly around the pi- 
lot ring 140. A pair of opposite end portions 156 of the 
C-spring 142 engage the balls 1 26. The C-sprIng exerts 
a bias which urges the balls 126 radially inward of the 
apertures 1 54 In the pilot ring 1 40 so as to hold the balls 
1 26 In rolling engagement with the cam surfaces 1 28 on 
the core 60. 

[0026] Fig. 4 shows the core 60 in the rotationally cen- 
tered position described above with reference to Fig. 2. 
When the core 60 and the sleeve 62 are rotated relative 
to one another from their centered positions, the cam 
surfaces 128 on the core 60 cam the balls 126 radially 
outward through the apertures 154 in the pilot ring 140. 
The C-spring 142 resists such movement of the balls 
1 26 and urges the balls 1 26 back inward of the apertures 
154 against the cam surfaces 128. The C-spring 142 
thus applies a restoring force which urges the core 60 
and sleeve 62 back toward their centered positions. 
[0027] In accordance with a particular feature of the 
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present invention, the configuration of the cam surfaces 
128 enables the centering mechanism 120 to function 
in two different stages. The first stage occurs when the 
core 60 and the sleeve 62 are initially rotated from the 
centered positions ol Fig. 4. In the first stage, the central 
portions 130 of the cam surfaces 128 act against the 
balls 126 in the recesses 134, as shown in Fig. 7. The 
centra! portions 1 30 then cam the balls 1 26 radially out* 
ward at a rate corresponding to the angle A at which the 
central portions 130 oppose the restoring force F of the 
C-spring 142. This causes the restoring force F to In- 
crease at a rate corresponding to the angle A during in- 
itial amounts of rotation of the core 60 relative to the 
sleeve 62. 

[0028] The second stage occurs when the core 60 has 
been rotated sufficiently for the balls 1 26 to emerge from 
the recesses 134. In the second stage, as shown in Fig. 
8. a side portion 132 of each cam surface 128 moves 
against the corresponding ball 126. The side portions 
132 then cam the balls 126 radially outward a I a rate 
corresponding to the angle B at which the side portions 
132 oppose the restoring force F of the C-spring 142. 
The angle B is greater than the angle A. The side por- 
tions 132 of the cam surfaces 128 thus move against 
the balls 126 with slopes that arc loss than the slopes 
of the central portions 130. This causes the restoring 
force F to increase at a second, tower rate correspond- 
ing to the greater angle 8. 

[0029] The restoring force F of the C-spring 142 is 
transmitted through the vehicle steering column as a 
torque which results in a corresponding restoring force 
at the steering wheel. Therefore, when the steering 
wheel is turned through a low angle from a straight 
ahead driving position, the driver will feel a restoring 
force that increases at a relatively high rate. When the 
steering wheel is turned through a greater steering an- 
gle, such as in a parking maneuver , the driver will feel 
a restoring force that increases at a relatively low rate. 
[0030] In accordance with another particular feature 
of the present invention, the centering mechanism 120 
can be installed after the valve 18 is balanced hydrauli- 
cally. When the valve IS is being balanced hydraultcally, 
the centered positions of the core 60 and the sleeve 62 
are located by directing a flow of hydraulic fluid through 
the valve 18, and by rotating the core 60 relative to the 
sleeve 62 until the neutral condition is obtained. The 
core 60 and the sleeve 62 are then interconnected with 
the torsion bar 26 (Fig. 1 ) in the centered positions. The 
pilot ring 140 can then be oriented circumferential ly rel- 
ative to the sleeve 62 such that the apertures 1 54 in the 
ring 140 are concentric with the cam surfaces 128 on 
the core 60. Accordingly, the present invention enables 
the centering mechanism 120 to be aligned circumfer- 
entiafly with the core 60 independently of the centered 
position of the core 60 relative to the sleeve 62. - 
[0031] According to its broadest aspect the invention 
relates to an apparatus comprising: first and second rel- 
atively rotatable valve members configured to direct hy- 



draulic fluid between said valve members in accordance 
wtih their positions; and a centering mechanism includ- 
ing a movable detent member, a spring, and a cam sur- 
face, said cam surface being rotatable with one of said 
s valve members so as to cam said detent member 
against a bias of said spring uF>on rotation of said valve 
members from centered positions. 



1. Apparatus comprising: 

first and second relatively rotatable valve mem- 
^5 bers configured to direct hydraulic fluid be- 

tween said valve members in accordance with 
their rotational positions; and 
a centering mechanism including a movable 
detent member, a spring, and a cam surface, 
20 said cam surface being rotatable with one of 

said valve members so as to cam said detent 
member against a bias of said spring upon ro- 
tation of said valve members from centered po- 
sitions; 

2S said cam surface having a central portion de- 

fining a recess in which said detent member 
rests when said valve members are in said cen- 
tered positions, said cam surface further having 
a pair of side portions on opposite sides of said 

30 central portion. 

2. Apparatus as defined in claim 1 wherein said valve 
members have a common axis of rotation, said de- 
tent member being movable outward of said recess 

35 against said bias of said spring In a direction ex- 
tending radially relative to said axis. 

3. Apparatus as defined in claim 1 wherein said side 
portions of said cam surface have planar contours. 

40 

4. Apparatus as defined in claim 3 wherein said side 
portions of said cam surface are coplanar. 

5. Apparatus as defined in claim 3 wherein said cam 
* surface further has a pair of arcuate transition por- 
tions between said central portion and said side por- 
tions. ' 

6. Apparatus as defined in claim 1 wherein said valve 
so members are parts of a hydraulic fluid control valve 

in a vehicle steering gear, said central portion of 
said cam surface being movable against said detent 
• member only during operation of said steering gear 
at relatively low steering angles, said side portions 
ss of said cam surface being movable against said de- 
tent member only during operation of said steering 
gear at relatively high steering angles. 
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7. Apparatus comprising: 

first and second relatively rotatable valve mem- 
bers configured to direct hydraulic fluid be- 
tween said valve members in accordance with s 
their rotational positions; and 
means for applying a restoring force which urg- 
es said valve members toward centered posi- 
tions upon rotation of said valve members from 
said centered positions, said restoring force in- io 
creasing at a first rate during an Initial amount 
of said rotation and increasing at a second, low- 
er rate during a further amount of said rotation. 

8. Apparatus as defined in claim 7 wherein said valve 
members are parts of a hydraulic fluid control valve 
in a vehicle steering gear, said initial amount of said 
rotation occurring upon operation of said steering 
gear at relatively low steering angles, said further 
amount ol said rotation occurring upon operation of 20 
said steering gear at relatively high steering angles. 

9. Apparatus comprising: 

first and second relatively rotatablo valve mom- 25 
bore configured to direct hydraulic fluid be- 
tween said valve members in accordance with 
their rotational positions; and 
a centering mechanism including a movable 
detent member, a spring, and a cam surface. 30 
said cam surface being rotatable with one of 
said valve members so as to cam said detent 
member against a bias of said spring upon ro- 
tation of said valve members from centered po- 
sitions. 35 
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